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A test-standinvestigateIonwas oonduotedto detemuinethe
mlxhre distributionof-aconventionaldouble-rawradialengine~or
a wide remgeof enginespeeds,powers,and fuel-airratiosand to
evaluateits effeoton engineperformarme.The fuel was lnJected
Intothe combustion-airetreamby a rotating8preyring looatedneax
the impellerentmnce. Fuel-airrutiosof the Indlvldualcylinders
were determinedfrom chemfoalaualysesof the exhaustgas.

The resultse~ibited tide vexations amongthe fuel-a+rratios
of Ind.Lvidualoyllndersfor high over-allfuel-airratiosbut com-
parativelysmallvariationsfor leen.mixtureoperation. Enginespeed
and power exertedonly alightinfluenceon the dlfferenoebetweenthe
fuel-airratiosof the richestand the lmnest cylinders,although
the dletrlbutionpatte~s ~e~ent considerablegeometrioohangewith
enginespeed. For operationIn high superchargergear ratiomarked
improvementwas ehuwnfor all fuel-airratios. Urge variationsin
mixture-distribution~ttens resultedfrom ohangesIn throttle
setting,althoughno definitereduotlonin spread was observedat any
setting. High oombustlon-airtemperatureseffoatedmeasurable
-V=-tlnmlxture dlstrlbutlon.

The effeotsof nonunlfomndiatrlbutionon ooollngreQxLremedX3,
fuel oonsumpticm,and power have been evaluatedasaumlnguniform
distributionof ohargeair’undooo15ngair. CaloulatlonsIndloatwd
that In someoasesthe oylitier-tqwat~ variationresultingflmm
only the measurednonuniformdistributionof fuel-air?mti.omight
necessitatean Inoreaseof ooollng-airpressuredrop as muoh as
28 peroentabovothatre@red titb unifozmdistributionat the _
over-allfuel-airratio. If’the fuel-airratioof the engineIs
lhlted by thatof the leanestoyllnder,the nmmnlform distribution
at cruisingoonditlonswill neoessltateaverageenrichmentsas great
,8s10 peroentat riohmixtureswith a oorreepotilnginareaseof
17 peroent in brake q?eolfiofuel consumption.This enrichment .
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ducreaseswith a reduct~onIn aver~e fuel-airratio. For a given
over-allfuel-airrationeitherthe over-allbrake specifiofuel
consumptionnor the totalbrakehorsepowerwas ~terially effeoted
by nonuniformdistribution.

IIQTRODUOTION

The trendtowardhigh apeciflooutputsfor large internal-
combustlonengineshas aooentuatedthe necessityfor avcidhg
nonuniformmixtured:str~butionand its attendantundesirableeffeots
on fuel economy,cool~ngrequirements,detonationlimits,and general
e~ine op6ration. Tho increaseIn fuel consumptionand the reduction
in mean effectivepressurehas been fouudappreolable(reference1)
when mixturedistributionis particularlypoor. Problemsof a more
seriousnatdreerlseIn cmnection with cylindermollng and limiting
of the maximumpowerby da%-mationwhere,mder normalconditions,
oyllndersrecei~ingmixturesthatare considerablyleanerthan the
averagemay developunusuallyhigh temperaturesand approachthe point
of detonation.The restrictionthus imposed(reference2) may beoome
severeat high puwarawherepropercool~ngand detcmat!onsuppression
may be effectedonlyby the use of slightlyoverrlchmixtures.

The knuwledgeof mixturedistribute.onIn radialenginesand of
the factorsaffectingit is Incompleteat the presenttime,owing
largelyto the difficultiesinvolvedf.ndeterminingthe fuel-air
ratioof each cylinder. The baelcmethodof nwasurlngthe weights
of bcthfuel and air enteringeach cylinder is, of course,inappli-
cableto a multicyl.inderenginewith a commonfuel supply. The use
of temperaturevariationsbetweencylindersas an indexof the mix-
tuw distribution(reference3) is suhJectto errorin the caseof
an air-cooledenginebep~useof temperaturevariationscausedby
fa~tors~therthanfuel-airratio. Methodsof dete?nuiningthe
fuel-alrratiothroughanalysisof the eihaustgas (reference4)
have provedsubstantiallyaccurateand have been used to detenulne
the mixturedistributionin a nine-cylinderradialengine(refer-
enoo5) for severalcmditfl.ons.Thismethod,togetherwith the.
improvedtechniqueof exhaust-gaswunplbg set forth in reference6,
was used in the presentinvestigation.

In the presentmixture-distributionstudym attemptwas made
b coveradequata.rangtisof all operatingvariables,exceptfuel
voh.tility(reference7), thatmightaffectdistributionamng the
cylinders.The effectof mlxt:n?edistributionon engineperformance
was evaluatedfrcm tsstsconductedat the Clevelandlaboratory.>fthe
NACA. The testswere not extendedto the range whore engineopera-
tionwas actuallyrastrlctedby coolingand ddcuwtion Mutations.
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The engineused

EWDWEHT AND!13!STMEFHQW

for the mixture-distribution

3

OtudYma installed
on a test standand fittedwith a fltit oowlinu”aeah&n In figure1.
The engine is an 18-oyllnder, double--m radial;alr-oooledeng~ne
with a normalratingof 1500brakehorsepowerat 2400rpm and a take-
off ratingof 1850brakehorsepowerat 2600~. The enginehas a
single-stage,gear-&iven euperohargerwith low and high gear ratios
or 7.6 and 9.45,respectively.One type of fuel,oomplylngwith
AN-F-28speolfioations,was used in all tests. The fuel usedhad a
80-percerrtdistillationtemperaturevaryingfrom 276°F to 280°F and
an averagehydrogen.aax+bonrat10 of 0.166.

The test oellwas equippedwith a bellmmuthacmommdatlngthe
13-foot,6-Inoh,three-bladedpropeller. TMs arrangementreduced
the oountetilowaroundthe p~peller tips as well as the resultlng
variationIn loadthat appearedto be of considerablemagnitudein
prellmlmxrytests. Cool- airwas suppliedthrougha 42-inoh
Oiroularductthat dis~ged 4 feet fl’omthG cowling ed??~Ce. For
testsIn whloh the ~ttle ~le and the oombustlon-alrtemperature
were varied,the o~buretirWM oonneoteddlreotlyto an exbernal
combustion-alrsystem. With thisarrangementit was possibleto
obtainaocurateoontrolof the combustion-alrtemperatureand pres-
sureat the carburetordeck.

I
~mburetor and lnJectlonsystam.- An injectioncarburetorwas.—..—.

used durjngthe mitiure-.dlstrlbutlontests. This carburetor(fig.2)
metersthe fuel accord?ngto the
statlopressuresmeasuredin the
tlvely. The fuel flowsfrom the
way of the fuel-transferpassage
Intothe combustion-airstream.
speed.

The carburetortnoorporates

differencebetweenImpactand
main and the boostventurls,respec-
carburetorto the slingerringby
and is radiallye$ected(fig.3)
The sli~er ring turnsat Impeller

a manualmixtureoontrolwith full-
rlch,automatlo-rloh,au~tic..len, and Idle cut-offsettings.
Iilaamuohas inte~iate positionsof the manualmlrturecontrolpro-
vide ratherOoarsead~uskt of the mltiurestrength,an ad~ustable
akmspherlcbleedwas installedon the suctionsideof the air
diaphregmto permitvernier oontrol. Decreasedsuctionand a con-
sequentreductionof t~ fuel-air~tio resultedf~m op~lng the
bleedvalve.

Even at the full-riohsettinga standardcarburetorwI1l not
deliverextremelyriohmixturesfor air flowsbetween4000 and
9000poundsper hour,approx~te~ oo~e~d~ to brakehorse-
powersbetween600 and MOO. Inaamuohas the testsrequireda com-
pleterangeof fuel-airratiosfor ~1 ~rs, the autimatio-rloh

L..
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fuel.-meterlngorificewas enlargedto permitriohermixturesover
the entireoperatingrange. With this arrangement,It was possible
to obtainfine adsustmemtof the over-allfuel-airratiofor the
entirerangefrom.O.050to 0.115.

Method of determiniw fuel-airratios.- Dmlng this investiga-—.
tionfiwl-alrratiosof the ~ivldual oylinderswere determinedfrom
a ohemlcalanalysisof the exhaustgas. ‘It has been shown(refer-
ence4) thatfor a glvon enginea definiterelationexistsbetween
the carbon-dioxidecontentof the exhaustgas and the fuel-airratio,
dependhg only on the hydrqyn-carbonratioof the fuel. In order
to obtaintbo curveused duringthe presentInvestigation,an analysis
was made of both the normal(unoxidized)and the oxidizedexhaustfrom
differentcylindersat vsriousenginaspeedsand powers. From these
data,the percentageoarbondioxidein the normalexhaustwas plotted
againstfuel-airratio (fig.4) as de%erminodby the c-bon-dioxide
oontentof the oxidizedexhaust. The relationbetweenthe percentage
cezbondioxideIn the oxidizedexhaustand the fuel-airratiomay be
oomputedwhen the hydrogen-cerbonratioof.the fuel is lmown. The
oxldlzed-e~ust methodis &’nllydescribedZn reforenoo4.

The over-alll’lwl-alrratiowus calmil.atedas the averageof
the itiitiati fuel-airratios. Althoughthismethod is not precise
unlessthe charge-airweightflow is Identloal.for each cylinder,the
errorsincurredare well withinthe e~erimentalaoouraoy.

Methodof sampling. - Semplesof etiuet gas were obtainedfrom
each ~linder throughstainless-steeltubesof l/4-tichdiameter
(fIg. 5) locatedIn the stackimmedjatolydownstreamof thtiexhaust
port. The intakeend of eachtubewas flattenedto form a slot
0.01 inohwide 01’the t~e recommendedin referencm6 for reduoiag
contaudnatIon. Coppertublmg,1./4inch in dmneter and 30 feet in
length,lod from the sampli~ tubesto a set of water trapsprovided
to pravantblockingof the l-s with condensate.From tha water
trapsthe lineswere extendedto the samplingbottlesby plastic
tubing15 feet in length. A sohematiodlagrmnof the eampllx)g
arrangementis shownIn figure6.

Exhaust-gassampleswere oollectedin 300-milliliterbottles
providedwith a tight-sealingstapoookat eaohend. It was fouZd
that the pressurebuilt up in the stackby use of the col.leotmrlD8,
in additionto the impactpressure(Jfthe exhaust gas, was suffi-
cientto forcethe gas throughthe samplingli~s and the glfiss
pipettesat a reasonablyhigh rate. l?relimi~ tests showedthat,
by purgingthe bottleswith exhaustgas for a periodof 5 minutes,
it was possibleto obtainan undilutedeampie. This self-scavenging
methodof collectingsemplesprovidedundilutedsemplesunderall
test conditionsand requireda minumzmof attentionand manipulatio~
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Invet3titionof *ust dilution.
*

- Beoausethe engl.newss——
equippedwit ~t~~~-~re oonduoted(referenoe8)
to.determinewhetherthe.+wm&ia obtainedfrom lxilitidualstinks
were oharmterlstioof thatpertlmzl.aroylinderor whether,beoause
of Infiltrationof exhaustgas from the oolleotorring, they repre-
sentedthe averagefor a nuniberof oyllnders.The testswere based
on the faot that an undilutedeihauat-gassezqletakenfrom a oyllnder
that IS not firingoontdns no carbon dioxidebut only an unburned
mlrtureof air and gasolinevapor. With the aammcptionthatall the
oarbondioxidefound in the ~ust oouldbe attributedto lnfiltma-
tlm of burnedexhaust~ ~~ac~t oyllnders,the magnitudeof
dilutionfor a givenoyl~er oouldbe measuredfrom analysisof an
exhaustsampleobtai~ when the ignitioncurrantfor that oyllnder
was short-cirmlted. Thesetests,conductedat variousenginespeeds
and powers,showedthe maximumdilutionto be lessthan 5 permnt.
CaloulatIonsIndicatethata dilutionof 5 permnt produoesan error
of @ ~ .001In the fuel-airratio,which IS wlthlnthe llmltof
cicmzraoyof measurements.The use of a oolleotorring In all subse-
quentmixture-distributiontestsWSa thereforeconsidered $ustifiable.

!mm.sArm RESULTS

For a fuel of a givenvolatility,the prinolpalindependent
operatingvariables~fecti~ themixturedistributionin a given
engineere the over-allfuel-airratioof the engine,the e@~
speed,tb superchargergear ratio,the chargeweightflow or the
~lne power,the throttlesetting,and the combustion-airInlet
temperature.The test conditions(tablaI) were errangedto inves-
tigateeachof thesevariablesIn a mannersimulatingaotualopera-
tion. For testsIn whlohthe over-allfuel-airratio,tti e%~e
speed,the power,or the intake-airt~erature was varied,the
cxxrburetor-deckpressue was maintainedatmosphericand the throttle
“settingwas vexlodb orderto maintainfixedpower. Theseresults
thereforeCorrespofito normalsea-leveloperationand showthe
effeotof both the ~ic~ variabletier investigationd th
assoolatedvariationof throttlesetting. For tests in llhlohtie
%- powerand the engine~eed were varied,the variationIn
Iihrottleanglenecessitatedby atmosphericcarburetor-deckpressure
is one of the nmst lnrpo~t lnfl~oes on mixture-distribution
c$hanges.Testsof vsrylngthrottlesettingduringwhioh the
Osrburetor-deckpress- WSEIchangedto maintslnoonstantpower
simulateoperationat altitude.

variationof mixturedistributionwith over-allfuel-airratio.-
-es In over-allfuel-airratioresultIn largevsrlatlonsof IUiX-
ture-distribution,as SIUXKQti figures7 and 8. ‘Thedistribution
Ill?provesappreciablyas the ov~-au ~we beocmesl-r than
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0.100. For example,the differenoebetweenthe rlohestand the
leanestayllnders(fig.7(a))Is decreasedfrom 0.032 at a fuel..alr
ratioof 0.101to 0.003at a fuel-airratioof 0.059. This trend,
altho-ughnot of the samemagnitude,prevailsat all operatingoondl-
tlonsand apparentlyresultsfti the more nearlyoompletefuel
evaporationat low fuel flowswherethe Irregularltlesof dlstrlbu.
tion causedby the concentrationof fuel dro@ets ere reduced.

Variationof mltiuredistributionwith enginespeed.- For ~per-
ationwith low ~pe~o=r~e~r~~he vari~lon of mixture
strengthbetweenthe r:chestand the leanestcylindersis not appre-
ciablyaffectedby changesof enginespeedbetween1600 and 2400rpm
(fIg. 9) despitethe accompanyingvariationin throttleangles. The
shapeof the distributionpattezms however,variesmarkedly. At
riohmixtures(figs.9(b) and 9(d)~,wherethe most unevendistribu-
tionoccurs,two well-definedpeaksmay be observedocourringin the
neighborhoodof oyllnders10 and 16. AS the enginespeedInoreases,
the peaknear cylinder16 IS diminishedwhreas that near oyllnder10
becomesmre predominant.At high speedseachof the maximumpoints
movesto the adJacentcyllndorin a directionoppositethat of
Impellerrotation;that is, from cylinders10 and 16 to cylinders8
and 14, respectively.

Variationof mixturedistributionwZth~erdarger ~ear ratio.-
When the angl.newas ope=KIZ@%ieXharger gear ratio,the
mixturedistribution(fig.10) was greatlyImprovedas comparedwith
the distributionoocu.rringat simi~ conditionsfor operationwith
low superchargergear ratio. No @rovement of mixturedistribution
was obsemed, however,when the impellerspeedincreasedas a result
of Inoreasedenginespeed. The more neerlywifozm mixturedistri-
butionat high Impellerspeeds~ res~t from the h~ghorconibustion-
air temperatureand, consequently,the bettorevaporationof the
fuel passingthroughthe superchargeras well as from the more
thoroughmixingat the diffuserentranoe. The lack of ImprovementIn
mixlnu?edlstrlbutlonwhen the eng~~ @ the Impellerspeedsv- In
directratios~ests t~t the effectof ~~~sed enginespeedmay be
to nullifythe l~rov~nt due to increasedimpellerspeed.

V~iatlon of mixtum distributionwith power.- Resultsof tests
at v~~~”~a~brako hors=r—~e presentedin figure11 for
threeover-allfuel-airratios. The rangeof mixturestrengthsamong
Individualcylindersfor a givenover-allfuel-airratio is not
appreolablyeffectedby ~~es in power,as oan be seenfrom the
similardistributionpatternsobtainedfor the rangeof powerscovered.
The variationof throttle~le requiredto produoethe power ohanges

appearsto have littleitiluenceon the tifiuredistribution.
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Varlatlonof mixturedistributionwith throttlesett~ -
..... Mlxtu.p-dietrllmtlontestswere coduoted at throttlesettl&e

requiredby atmospherlo“&rburetor-deckpressure,tide-openthrottle,
and at one intermediateaettlngfor severalenginepowersand speeds
and for two maluesof over-allfuel-alrlatio. The resultsof the
teatsti-thnonualand tide-openthrottleare shownIn figure12. The
mixture-distributionpatternsobtainedwith the Intemnedlatethrottle
settingwem cunlttedfrm!the graphsbeoaueetheywere foundto
approximatethe ave~e of thoseobtainedwith the othertwo settings.
Largevariationsin the patternhwith ohangein throttlesettingwere
eepeolalJ.ynoticeableat the low powers*re the anglebetween
normaland wide-openthrottlesetthg is the greatest. At a brake
horsepowerof 800,an enginespeedof 2200rpm, and an over-allfwl-
alr ratioof 0.10,cylimder14 changed~ the leanestoyl~r
(fuel-airratioof 0.09)at normalthrottleangleto the rloheetone
(fuel-airratioof O.lL5)at wide-openthrottle. Althoughthe
patternschangedconsiderablywith throttleangleno defl.nltetreti
of ImprovementIn mixturedistributionwas observed. The cyllmier
temperaturesassociatedwith the mlrturedistributionshownin fig-
uzw 12(a)are presentedIn fi~e 13 and Indioatethe changesIn
temperaturepatternthatlargelyresultfrcunthe ohangesInmlrture
distrlbuthn.

Variationof mixturedistributionwith combustion-airtemper-
ature.- Reference7 has~oun thatvariat~onsof mixturedistribution
ocourfor lergechangesin combustion-airtemperature.For the
presentinvestigation,the carburetor-decktemperaturewas varied
frcsuabout40° F to 135°F. The resultsof fIgure14 Inlicatethat,
elthoughthe shapeof the mixture-distributionpatternswas not
affected,the spreadIn fuel-airratiowas appreciablyreducedas
the combustion-airtempemturewas lnoreaeed.At a temperatureof
134°F the spreadwas lessthan 0.016. The ImprovementIn distribu-
tionat the hi@er canbustion-airtempe=tures oan be attribtiedto
tioreasedfuelevaporationresultlngin bettermixtureof the fuel
and air.

Reproducibilityand acouraoy.- Distributionpatternstakenat
oompanibleengineconditionsfor the differentperiodsof the test
w- b god agreement (fig.I-5)and, ti general,the reproduoi-
bllltyof resultswas most satisfactory.Inaemuohas all of the
testsexceptthoseof varyingccmhetlon-alrtempemture and of varying
throttlesettingwere cmducted.wlthan atmosphericinduotioneys%m,
the ccnnbuatlon-airtemperaturewas fixedby ambiqntalmoephericoon-
dltlone. The varlationewere,however,of suoh mall magnitudethat
the errorsInourredwere of littleImportance.
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In the followingdiscussion,uniformdistributionof charge
alr and coolingair is assumed. Althoughthis assumptionIs not
striotlytrue for any engine,it servesto isolatethe effectof
ncnunlfcxmmixtured~striblltionand to denmnstrateits influence
on engineperformance.

The swymmetryof the impeller-diffusercombinationapparently
affordslittleopportunityfor ~enerationof a systematically
irregularmi%,uredistrlbutlonwlthlnthe superchargerexceptby
actlunof gravitationalforces. The characteristicsof the mixture-
dlstributionpatterns,therefore,must eitherbe formedupstreamof
the impelleror resultfrom liquidfuel drainingto the bottomof
the superchargerfront shroudor the suygrchargercollector. The
markedresponseof the mis%uredistribmicntc sucha factoras
throttlesetthg indlcutes.thatthe ve?.oc’.typm?lle of the couibus-
tion air enteringthe impelleris a prokshlc~bo’mceof poormixture
distribution.It Is possiblethe.tnonur~fu.’’mvelocltyprofilecaused
by flow separationfrom tho elbowwalls,the turningvanes,and the
throttlewill introduco~ncentrat.ionof fuoj.dropletsnear the points
at whichthe low.velocityair entersthe kpellsr. If the velocity
profileat the impellerinletcouldthezafoxebe made nrn?eneerl.y

t ~-n~~~we d+-stributi~n~~duniform,correspondingimprovement
result. The foregol~ l’esults,althoughobtuinedbelowthe maximum
powerr~e, maybe usedto dete~’minethe restrictionsImposedby
the nonuniformdistributionand to ascertainwhat degreeof improve-
ment mightbe expectedby equalizingthe fuel-airratiofor each
oyllnder.

Effectof mixturedistributionon fuel oonsunq?tion. - Operation
with unevendistr~utionof fuel amongthe cylindersof a multic.yl-
indere~ine resultsIn inherentlyless efficientutilizationof
fuel then doesoperationwith uniformdlstr~butionif the other
engineconditionsrenuiinfixed. - to the natureof the relation
betweenbrake specificfuel consumptionand fuel-airratio,the over-
all brake specificfuel consumptionfor nonuniformmixturedistribu-
tion is necessarilygreaterthenthatfor uniformdistribution;the
_l*ude dependson the degreeof nonuniformityof mixturedistri-
butionand tho over-allfuel-airrutio.

If tho fuel-airratiofor an indlvidlulcylinderis (F/A)i,the
correspondingbrake spec!l!cfuel consumptionis bsfc~ (fig.16),

w
the c~ge-air weightflow n~ is equalfor each cylinder,theR the

brakehorsepowerof any cylinder bhpi may be expressed

I-.
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where n is the nuuiber
engineis thengivenby
cylinders.

By the
maybe

Thus,
befoo

~ (F/A)i
bhpl =

bsfoi

of oylinders.The power of the entire
the sunnnationof powersfor the ~lvidual

samereamnlng the total
expressedas

Wf =

n
w~

I

(r/A)i
n bsfol

1=1

fuel flow Wf in poundsper hour

by definition,the over-allbrake specificfuel oonsuruptlon
becomes n

~ /)(FAi

i=l
bsfco= ——

‘- (F/A)i

1
——
bsfcl

1=1
If the mixturedistributionwere unlfom, the fuel-airratiofor
eaoh cylinderwould equal.thatof the engineaverageand the brake
speclflcfuel consumptionof the entireenginewouldbe the sameas
that of each individualoylinder.

Calculationsfor the poorestobserveddistributionshownegli-
glble inoreasesin over-allbrakeSpeolflofuel consumptionabove
that oorrespondlngto uniformdistributionfor the sameover-all
fuel-airratio. This small~lationmsy be explalnedby the faot
that at high fuel-air~tlos the over-allbrakespeolficfuel oon-
s~tl~ is not sensitiveb ~derate -S of ~W?S stm
~ng oylindersand at leaner~fi~es tie sot@ distributionof
the engineit3relativelyuniform. On the otherm, H poor dls-
trlbutlon~ been ~~o~tered at le~~~~es, sn apprmiable
effecton the over-allbrake speoifiofuel consumptionoouldhave
resulted.

When,beoauaeof de~tion or 0001imglimitations,the extent
to whlohthe over-all~1-afi ~tio ~ be reduoedis governedbY

— —. . —-
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the leanestcylhder, the effectof nonunlformmlrturedistribution
attainsconsiderableImportance.An experimentalcurveehowlngthe
relationbetweenthe over-allfwl-alr ratioand the fnel-alr~.tio
of the leanestcylinder1s presentedin figure17. The dashedline
ti the figurerepresentsthe samerelationfor umlfonnmixlmredls-
trlbuticn.The clifferencebetweenthe ordinatesof the two curves
for a givenvalueof the absctssathenrepresentsthe Increasein
over-allfuel-airratiorequiredby nonunifom tirturedistribution
to attaina givenvaluefor the fuel-airratio of the leanest
cylinder.

The datapointsobtalne~at variouspowersand speedsh low-
blcweropmaticn and at sea-levelcarb-tor-deck pressureand
temperatureindicatethat the enrichmentrequfreddependslargely
on fuel-airratio. Owingto the inrpruvemertof dlstributtonat low
ndxt-iestrengths,the differencebetweenthe over-ti fuel-airratio
sad ‘thatof the leanestcylinderdecreasestith decreasingmixture
strangthmThe enriohuent% decreasedfrom10 to 8 percentwhen the
over-allfuel-airratioIs reducedfrom0.10 to 0.07. It follows
f?om the curvesof brake specificfuel consumptionat low supercharger“
gear ratio (fig.16) that enrichmentsof 8 and 10 percentcorrespond
to increasesin brake specificfuel conw~~tion of 5.6 and 17.0 per-
cent,respectively,at 2000rpm.

Effect ofmlxture distrlhutionon en@ne power.- It has been
ehownthat,dlsr~gardhgtick llmi-~ticne,the poweravailablefor
a giventotal charge-airweightflow Wa may be expresses

-+
Wa\ (F/A)I

bhptcta~‘~/
bsfc,

If the over-a12brake specificfuel consumptionis greaterfor non-
uniformthan for uniformdistrlbuthn,the totalbrakehorsepower
is amiEler,for a givenover-ti fuel-airratio,for nonunifomuthan
for uniformdistribution.Inasmuchas nontifonnmlxtare distribu-
tionhad only elighteffectson the over-aU brake spec~flcfuel
consumption,it fdl.owefrcm ‘b relationof over-allbrake specific
fuel conewuptionto ovei”-all powerthat effectsof the eememagnitude
willbe observedfor ovor-allFewer. CalculJ3510ne.uelngmixture-
distributionpatternsobta+hedh the presentInvestigationsubstan-
tiatedthis conclusion.

lXfectof mtxt~”edistributionon coolingrequlremonts.- Fran
the cylhder-coolirgrelatlms of the type of enginoused in these
tests (reference9), the ratioof coollng-alrpressuredropsrequired
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for uniformend nonuaifomumlrturedlstrlbutlonto cool the cylhder-
head temperatureto B @vm-value ~ .>0expresse@

where

Ap 1 COOli13&d? ~SSUt3 drq requiredwith
distribution

Ap cooling-airpreamre droprequiredwith
distrlbution

(1)

nonuniformmixture

Uniformmixture

Tg1 maximummean effectIve oombustlon-gaatempezt%turefor engl.ne
WIth nonuniformmixturedlstribution

Tg mean effeotivecombustion-s temperaturefor enginewith
uniformdistribution

Th rear spark-plug-gaskettemperature

An eqerimentalmrve of meen effectivecombustIon-gastemperature
againstI’uol-alrratio,obtainedfrom referenoe9, Is shownin fig-
ure 18.

The percentageIncreaseIn pressuredroprequiredfor propor
cooling,as detemined by the fuel-alrratioof the leanestcyllnder,
18 shownin figure19 for variousover-allfuel-airratiosand an
averagecylinder-headtemperatureof 350°F. Figure19 is validfor
all nonuniformmixturedistributionsprovidedthatthe fuel-airratio
of the leanestcylitierIS on the rich sideof the theoretically
correctmlrture.

The afmd line In figure19 Is a ozxmaplot of mliture-
Mstrlbutiondataobta~ at 800 and 1000brakehorsepowerat
2200rpm. The pointson this linerepresentfuel-airratiosof the
leanestcyl~er for any givenave~e fuel-air ratioand the oorre-
s@i~ percmtage increasein pressuredrop as calculatedby ~qua-
tion (l). Undertheseconditionsnonunifom distributionoausosa
28-peroentti~ase h oooliq-airpressure-droprequlzwnentat a
fuel-airratioof 0.085.

-.

.— —
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The resultsof mixture-distributiontestsconductedon a double-
row radialalroraftengine,tmgatherwith the analyslsof thuse
results,may be snmmarizodas folhws:

1. Tho varifitlonof mixtum strengthbetweenthe richestand
the leanestcylindersshoweda markeddecreasetith reductionof “
the ovel’-allfuel.-airrat;obelow0.10;for 800 brakehormpower
and 1600rpm the vexlatjondecreasedl“rom0.032to 0.003at average
fllel.ati’ratiosof 0.101and lJ.L)5S,respectively.

2. Avarlatlon of enginaspeedfrom 1600 to 2400 rpmhad no
appreciablem?fectupon tho differencebotwoenthe fuel-uirratios
of the ri~hestand the leanestc~lindms althoughthe gmmdq of
the mifiure-dlstrtbutl~mpatternwua greatlytifected.

3. operationnt high saparchargergear ratioresulttiIn a
mrked improvementof mixturedistributionat all fuel-airratios,
powers,end enginespeeds.

4. When the englnopowerwas variedat ccmetantspeedfrom 800
to 1500brab horsepower,neitherthe variationof mixturestrength
betweenthe richestand the lmnust cylindersnor the shqe of the
mitiure-distributionpatternwas appreclahlyaffeoted.

5. Changes‘m throttlesettingproducedlargevariationsIn
tixture-distributionpatterns;however,no definiteimprovementin
distributionwas obsened at my OF the throttlesettingstested.
This trendis similarto that observedin the verlableengine-power
and engine-speedtestsdur~ which throttle-anglevarlatlonwae
cippreciable.

6. Increasingthe combutiion-.airtemperaturefrom45° F to
134°F resultedin an appreciableimprovement“Inmlxturedistribution.

7. U&xlations showed that,lf ex@ne operationis limitedby
the fuel-airr~tto of the leanestoylj.nder,the nonunifomudistribu-
tionwillnecessitateenrfl.chi~t~ over-allmixturefIand 10 percent
at fuel-airratiosof 0.07 and 0,10,respectively.These enrichments
correspondto increasesof 5.6 and 17.0percent,respectively,h the
brakespecificfuel consumptionat 2000rpm.

8. Evaluationof the test data indicatedthatwith constant
chex’ge-alrweightflow,neitherthe brake specificfuel coneuurptlon
nor the brakehorsepowerwas appreciableeffectedby the existing
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nonunif~rmfuel distributionfor operationat a givenuver-all
fuel-a~rratioaud belowknook--limltodpower.

9. Calculationsbasedupon teat data shnwodthat the nanu.rofcmm
fuel distribution~ inoreewethe prussure-op rquirament as muoh
as 28 qoroentoverthatfor uniformd~etrlbutlon,providedthat the
coolingair and the chargeair are evenlyd~strlbuted,
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TABLEI

suhwiRYOF amm!rIoNs AT WEIOHMIXTUREDISCSIBUTIONSWERE OBT~

_L
Enginel!hgine
power speed
(bhp) (-)_

800 1600
800 1800
800 2m0
800 2200
1000 1800
1000 2000
1000 2200
1000 2400
800 V=led
800 --do--
1000 --aO--
1000 --do--
800 2000
1000 2000

Varied 2200
Do---- 2200
Do---- 2400
Do----Varied
Do---- --do--
1000 2200

Over-allSupercharger
E’uel-alrgear ratio
rat10
rarlad Luw blower -
---do--- ---do-------
---do------do-------

do----.- ---do-------
--- --- --- -.-----
---:--- I-.-:---------

I
---do--- ---aO-------
‘--dO------do-------
0.070 ---do------”
.106 ---do-------
.0(4 ---&-------
.110 ---do-------

Varied ~Varied
---do------do-------

.068 Low blower

.089 ---do-------
,113 ---do-------
● 100 --+.j-------
.078 ---do-------
● 100 --.&--------

Variable

Fuel-airratio
do--- -----”--._--
do--- -----”------
do--- -----------

---do-----------
---do-----------
---do-----------
---do-----------
Enginespeed
---do-----------

do--- -----------
---do-----------
Blowerratio

do--- ------------
Brakehorsepower
---do-----------
---do-----------
ThrottleBetting
---do-----------
Carburetor-deck
temperature

Figure

m
T(b)
7(C)
T(d)
8(a)
8(b)
8(c)
8(d)
9(a)
9(b)
9(G)
9(d)
10(a)
10(b)
n(a)
n(b)
11(C)
12(a)
12(b)
14

NationalAdvisoryCommittee
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Fig. i

Figure 1. - Installation of test engine and cowling.
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Figure 2. - Schematic diagram of modified injection carburetor.
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Figure 3. - Schematic diagram of slinger-ring fuel-injection
system.
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